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Abstract 
In this paper, we study Chinese stock market structural changes based on Dissipative Structure Theory. We believe that 
stock market, as a complex open economic system, has basic features of dissipative structures according to a brief 
theoretical analysis.  Then we introduce Bayesian analysis to study stock market structures in terms of probability. We 
apply Bayesian analysis to detect change-points and generalize this method for seeking structure-change-points. We use the 
continuous composite return series for empirical study. And we find that Chinese stock market made seven or eight 
structural changes from July 2001 to March 2015. 
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1. Introduction 
The stock market has become an important financing channel after more than twenty years of development 
in China. Now, it is not only an important place for companies to raise funds, but also a good choice for public 
investment. Studying the stock market structural changes is helpful to provide bases for investment, business 
activities and financial regulation from both theoretical and empirical perspectives. 
In this paper, we study Chinese stock market structural changes based on Dissipative Structure Theory. 
Dissipative Structure was put forward by Professor Prigogine in 1969. It is a stabilized macro-structure created 
by the continuous flow of energy and matter from the outside word when the system is in a non-equilibrium 
state.[1-2] The non-equilibrium state is a conception opposite against the equilibrium state, which means that 
the macro-system does not make any change without flow of energy and matter from the outside word based on 
thermodynamics. And the stabilization mainly refers to some ordering phenomena at the macro level in space 
and time. Dissipative Structure Theory believes that an open system far from equilibrium may leave from a 
chaos structure to a new ordered structure via catastrophe caused by random fluctuation when the system 
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reaches the critical point. [2] 
2. Literature Review 
 There has been some exploratory studies of economics based on Dissipative Structure Theory and other 
complexity science. They can be classified into three main types. 
The first type is applying Dissipative Structure Theory in theoretical analysis of economic and financial 
problems. Shiozawa (1996) proposed to regard an economy not as equilibrium, but as dissipative structure, 
which is a substantive change of logic of economics.[3] Ahh (1998) tried to understand the financial 
speculation through concepts from the non-equilibrium thermodynamics, and analyzed the similar self-
organizing disspative structure features of financial system and non-equilibrium thermodynamic system.[4] 
Cheng (2009) believed that fictitiousl economy is a metastable system, which means a system with disspative 
structure in terms of system science. [5] Liu and others (2012) built a system of financial theories based on 
system science and compared them with modern financial theory and behavior financial theory in research 
pattern.[6] 
The second type is studying on evolutionary mechanisms of a particular area in financial market by using 
classic models of Dissipative Structure Theory. These models mainly come from physics, chemistry and 
ecology, such as Eddy Dissipation Model and Brusselator Model. Vindel and Trincado (2010) showed 
turbulent behavior in a series of financial indexes and explained the cyclical nature of crises by memorability of 
financial events; they also analyzed the NASDAQ singular behavior regarding the number of jumps based on 
the degree of intermittency of the turbulence and the life time of the hypothetical eddies.[7] Wang and Yan 
(2012) thought that monetary policy transmission system has the same features with dissipative structures and 
applied Brusselator Model in the study of  monetary policy transmission mechanism.[8] 
The third type is introducing entropy and Catastrophe Theory into economic and financial studies. Entropy 
is an important indicator to measure ordering of system in thermodynamics, and the formation condition of a 
dissipative structure can be described by entropy flow. Catastrophe Theory is in a juxtaposition of Dissipative 
Structure Theory in system science, and leaving from a chaos structure to a new ordered structure via 
catastrophe is also an important formation condition of a dissipative structure. Yang and others (2009) analyzed 
the financial brittleness potential function model and studied the brittleness critical points on which catastrophe 
of the financial system was triggered in quantitative methods.[9] Zhang and Wang (2010) studied 
characteristics of the regional gathered financial system based on Dissipative Structure Theory and estimated 
the evolution trend by using a model of financial entropy.[10] Qiu and Yang (2014) analyzed on the entropy 
change of financial system and built a cusp catastrophe model of the financial system potential function 
theoretically.[11]    
These studies provide some ideas and methods for our study. However, all the above methods referred to 
system structure judgment need to calculate the system entropy flow. It is not easy to do this quantification in 
stock market. In this paper, we try to introduce a method to study stock market structures in terms of 
probability instead of calculation of entropy flow, and apply it in Chinese stock market. 
3. Theoretical Analysis of Stock Market Structural Changes 
3.1. Dissipative structure analysis of stock market 
Entropy change of an open system is the sum of external entropy flow and internal entropy change. That 
can be denoted by the equation 
     SdSddS ie  .                                                                      (1) 
According to Second Law of Thermodynamics, the internal entropy change 0tSdi . But the external entropy 
flow Sde may be larger than, equal to or less than 0. When 0Sde , the system will be more ordered as long as 
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the negative entropy flow is large enough so that 0 SdSd ie . Therefore, for an open system, it may move 
from a disordered structure to a dissipative one by its own. 
Stock market, a complex open economic system, has basic features of dissipative structures. In the energy 
transfer process of the stock market movement, capital flows tend to be disordered. This will lead to energy 
loss and financial entropy increase. At the same time, the stock market exchanges energy with the external 
environment. If it draws energy from the external environment, the negative entropy flow will increase. When 
the internal entropy change is larger than the external entropy flow ( SdSd ei ! ),  the total entropy change is 
larger than 0 ( 0!dS ).That means the stock market is getting more disordered. On the contrary, when the 
internal entropy change is smaller than the external entropy flow ( SdSd ei  ), the total entropy change is less 
than 0 ( 0dS ).That means the stock market is getting more stable and will be a dissipative structure. 
3.2. Fluctuation and structural change 
Self-organizing phenomenon is always accompanied by some catastrophe processes and existing a critical 
value is a major feature of dissipative structures.[12] 
The value that a variable deviates from the mean value at a certain time is called fluctuation. It is random. 
Generally, the fluctuation is very small relative to the mean value. Even if a large fluctuation jumps out, it will 
be dissipated immediately, and the structure of the system can not change. However, near the critical point, the 
fluctuation may not be dissipated, even be enlarged, leading to a structural change. Therefore, the stock 
market can make a structural change by fluctuation near the  critical point. 
4. Method 
4.1. Basic idea 
Stock index is to describe the overall stock market price changes, which can reflect the stability of the 
stock market. Continuous compound rate of return ( slope of stock index logarithm sequences) is to describe 
the direction and extent of stock index fluctuations. Therefore, it is reasonable to judge the structure of the 
stock market system by studying the continuous composite return series. 
In this paper, Bayesian analysis is used to detect change-points and structure-change-points. Change-
point is the starting point of statistical characteristics changes in a digit sequence, different from the 
catastrophe critical point of a dissipative structure. And we name the catastrophe critical point of a dissipative 
structure structure-change-point. This method requires to calculate the change-point probability of each point 
in the time series. And the judgment of structure-change-points is achieved by setting threshold artificially. In 
this paper, we assume the probability threshold is the critical probability corresponding to 95% highest 
probability. 
We suspect that points with large probability will cluster in a time interval. In this time interval, the 
system is chaotic and disordered; but outside it, dissipative and ordered. Thus, we assume that if the change-
point probability of point j and the former three points or later three points are less than the probability 
threshold, we believe the stock market is a dissipative structure at time j; otherwise, a disordered structure.    
4.2. Bayesian analysis of a change-point  
If independent random variables nxxx ,,, 21 "  have the form of  
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where iH ( ni ,,2,1 " ) are independent random error terms, and j is the change-point. Let 0T and 1T denote the 
parameter vectors of )(0 iT and )(1 iT respectively. The joint probability density function of nxxx ,,, 21 "  
is ),,,,,( 1021 TTS jxxx n" . We assume that prior distribution of ),,( 10 TTj  is ),,( 10 TTS j . Then the 
posterior distribution of ),,( 10 TTj  may be given by 
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The marginal posterior distribution of the change-point j is obtained by integrating 0T and 1T out when 
nj d1 , integrating 0T  out when nj  , and then normalization adjustment. 
4.3. Application in normal distribution  
According to Law of Large Numbers, we assume that sample is normal when sample size is large enough. 
In this paper, we assume that the sequence of continuous compound rate of return is normal and independent. If 
the sequence of continuous compound rate of return makes a catastrophe at a certain point, the statistical 
characteristics will change after the change-point, then the statistical parameters of the normal distribution of 
the time series will change. We focus on whether the mean value changes after the change-point, so we can 
assume the distributions before and after the change-point j are  
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And 2Vˆ  can be proved as a consistent estimator.[13] 
Chung-Bow Lee (1994) applied Bayesian analysis of a change-point in normal distribution. In Bayesian 
analysis, most of works give an equal probability for each point j( 1,,2,1  nj " ) if the prior distribution of 
the change-point j is noninformative.[14] Hence, the prior distribution of j is of the form  
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where p ( 10 dd p ) is given for the hypothesis of no change-point. 
If independent random variables nyyy ,,, 21 " are normal ),( 2VPN , the posterior distribution 
probability of  j is  
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where ¦  ji ij yjy 11 , ¦   n ji ij yjny 1* 1 ( 1,,2,1  nj " ), and p ( 10 dd p ) is given for the 
hypothesis of no change-point. According to the equation 
                                1),,, (
1 21
 ¦  nj nyyyj "S ,                                                       (9) 
the regularization constant can be obtained. 
5. Empirical Study  
In this section,we select the Shanghai securities composite index ( SSC for short) for two reasons: 
x SSC can reflect the overall trend of the stocks in Shanghai Stock Exchange; 
x There are two stock exchanges, Shanghai Stock Exchange and Shenzhen Stock Exchange, in China. SSE 
and Shenzhen securities composite index has a strong correlation.     
Now, we study on the monthly data of SSC from July 2001 to March 2015. Data source is Yahoo Finance. 
5.1. Sequence subsection   
It should be noted that the theory in the former section is suitable for the time series with only one change-
point. So we need to segment the series which has more than one change-points firstly. The logarithm sequence 
of SSC from July 2001 to March 2015 is shown in Fig.1. 
                    
Fig.1.  Logarithm sequence of SSC 
 
As we can see from Fig.1, there are five obvious change-points within the marked areas. That means the 
mean value of continuous composite return series in the former of each area is different from the later 
obviously. Let ^ `1651; dd iyi  denote continuous composite return series, which is normal ),( 2VPN . As shown 
in table 1, we segment the series as five parts. The start time of Time II, III, IV and V is the next month that the 
system reformed a dissipative structure after the change-point in the former stage.  
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Table 1.  Subsection of the series 
 
Stage Start time End time 
Time I Jul-01 Nov-07 
Time II the next month that the system reformed a dissipative structure after the first change-point Nov-08 
Time III the next month that the system reformed a dissipative structure after the second change-point Dec-09 
Time IV the next month that the system reformed a dissipative structure after the third change-point Dec-12 
Time V the next month that the system reformed a dissipative structure after the fourth change-point Mar-15 
5.2. States of Chinese Stock Market 
Time I   from July 2001 to November 2007 
Time I of the continuous composite return series has 77 points, from July 2001 to November 2007. 2V  is 
estimated by 0.004426ˆ 2  V . 
Firstly, we need to determine the probability of no change-point p in the formula(7). We deduce p is 
approximately equal to 0, and then we will prove this statement. 
To test the null hypothesis 0H : no change-point in ^ `771, dd iyi  vs. 1H : a change-point 
in^ `771, dd iyi , p=0.5 is set because the prior information gives that the probability of whether a change-
point in the series is of the same. According to formula(8), the posterior probability of no change-point is 
2.1499E-5, which is much smaller than 1. So we reject the null hypothesis. That means the probability of one 
change-point is 1. Therefore, it is reasonable to believe that p = 0. 
By using formula(8), we obtain the change-point probability of each point. It is shown in Fig.2 and the 
detail values are shown in Table 2.  
 
 Fig.2.  Change-point probability of each point in Time I 
 
The point 54 has the largest probability and the critical probability corresponding to 95% highest 
probability is 2.27E-02, which is named probability threshold. According to the assumption, if the change-point 
probability of point j and the former three points or later three points are less than 2.27E-02, we believe the 
stock market is a dissipative structure at time j; otherwise, a disordered structure. For example, point 47 and the 
former three points (46, 45 and 44) are less than probability threshold, 2.27E-02, so the stock market at time 47 
(May 2005) is a dissipative structure; point 66 and the later three points (67, 68 and 69) are less than 
probability threshold, 2.27E-02, so the stock market at time 66 (December 2006) is a dissipative structure.    
We determine the states of Chinese stock market from July 2001 to November 2007, and the result is 
shown in Table 2. 
Table 2.  Change-point probability and the state of Chinese market stock at each point in Time I 
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No. Time Pro. State No. Time Pro. State 
1 Jul-01 2.95E-07 dissipative 40 Oct-04 7.33E-05 dissipative 
2 Aug-01 8.29E-07 dissipative 41 Nov-04 1.94E-04 dissipative 
3 Sept-01 2.61E-06 dissipative 42 Dec-04 1.77E-04 dissipative 
4 Oct-01 2.93E-06 dissipative 43 Jan-05 4.23E-04 dissipative 
5 Nov-01 3.68E-06 dissipative 44 Feb-05 1.26E-03 dissipative 
6 Dec-01 1.94E-06 dissipative 45 Mar-05 4.52E-04 dissipative 
7 Jan-02 4.10E-06 dissipative 46 Apr-05 1.40E-03 dissipative 
8 Feb-02 1.53E-05 dissipative 47 May-05 4.20E-03 dissipative 
9 Mar-02 1.06E-05 dissipative 48 Jun-05 3.50E-02 disordered 
10 Apr-02 3.89E-06 dissipative 49 Jul-05 3.95E-02 disordered 
11 May-02 2.48E-06 dissipative 50 Aug-05 3.47E-02 disordered 
12 Jun-02 8.86E-06 dissipative 51 Sept-05 1.25E-02 disordered 
13 Jul-02 1.86E-06 dissipative 52 Oct-05 2.97E-02 disordered 
14 Aug-02 2.57E-06 dissipative 53 Nov-05 1.43E-01 disordered 
15 Sept-02 2.36E-06 dissipative 54 Dec-05 2.15E-01 disordered 
16 Oct-02 3.90E-06 dissipative 55 Jan-06 1.33E-01 disordered 
17 Nov-02 6.16E-06 dissipative 56 Feb-06 5.24E-02 disordered 
18 Dec-02 1.45E-05 dissipative 57 Mar-06 4.72E-02 disordered 
19 Jan-03 1.97E-05 dissipative 58 Apr-06 7.58E-02 disordered 
20 Feb-03 6.87E-06 dissipative 59 May-06 2.72E-02 disordered 
21 Mar-03 5.98E-06 dissipative 60 Jun-06 2.85E-03 disordered 
22 Apr-03 6.30E-06 dissipative 61 Jul-06 4.74E-03 disordered 
23 May-03 6.59E-06 dissipative 62 Aug-06 3.25E-02 disordered 
24 Jun-03 4.98E-06 dissipative 63 Sept-06 4.96E-02 disordered 
25 Jul-03 9.11E-06 dissipative 64 Oct-06 2.93E-02 disordered 
26 Aug-03 1.01E-05 dissipative 65 Nov-06 2.27E-02 disordered 
27 Sept-03 1.28E-05 dissipative 66 Dec-06 4.12E-03 dissipative 
28 Oct-03 2.51E-05 dissipative 67 Jan-07 6.94E-05 unknown 
29 Nov-03 2.75E-05 dissipative 68 Feb-07 9.28E-05 unknown 
30 Dec-03 1.78E-05 dissipative 69 Mar-07 2.07E-04 unknown 
31 Jan-04 1.25E-05 dissipative 70 Apr-07 2.80E-05 unknown 
32 Feb-04 6.47E-06 dissipative 71 May-07 2.52E-06 unknown 
33 Mar-04 5.01E-06 dissipative 72 Jun-07 3.76E-06 unknown 
34 Apr-04 3.95E-06 dissipative 73 Jul-07 2.18E-05 unknown 
35 May-04 9.94E-06 dissipative 74 Aug-07 6.17E-06 unknown 
36 Jun-04 1.21E-05 dissipative 75 Sept-07 4.11E-07 unknown 
37 Jul-04 3.41E-05 dissipative 76 Oct-07 3.05E-07 unknown 
38 Aug-04 6.60E-05 dissipative 77 Nov-07 0 unknown 
39 Sept-04 1.20E-04 dissipative     
    According to Table 2, the system is always a dissipative structure from July 2001 to May 2005. In the June 
2005, Chinese stock market made a structural change, and moved from a dissipative structure to a disordered 
structure. The disordered structure lasted for 18 months. Then in December 2006, the system reformed a new 
dissipative structure. However, this probability is only for the first change-point of each point. That means 
there might be a next structural change after reforming a new dissipative structure. For instance, the end time of 
Time I is November 2007, and the stock market may have made the second structural change at that time 
according to the analysis result in Time II. Thus, we mark the states of the market stock from January 2007 (the 
next month that the system reformed a dissipative structure after the first change-point) to November 2007 as 
unknown.  
Time II   from January 2007 to November 2008 
Time II of the continuous composite return series has 23 points, from January 2007 to November 2008. 
2V  is estimated by 016640.0ˆ 2  V . By using the same method of Time I, we obtain the change-point 
probability and the states of Chinese market stock of each point in Time II. It is shown in Table 3. The 
probability threshold is 1.40E-02. 
Table 3.  Change-point probability and the state of Chinese market stock at each point in Time II 
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No. Time Pro. State No. Time Pro. State 
67 Jan-07 3.85E-03 dissipative 79 Jan-08 1.24E-01 disordered 
68 Feb-07 1.85E-03 dissipative 80 Feb-08 2.09E-02 disordered 
69 Mar-07 1.30E-03 dissipative 81 Mar-08 3.62E-02 disordered 
70 Apr-07 3.21E-03 dissipative 82 Apr-08 3.91E-03 disordered 
71 May-07 1.40E-02 disordered 83 May-08 1.58E-02 disordered 
72 Jun-07 1.13E-02 disordered 84 Jun-08 1.15E-02 dissipative 
73 Jul-07 6.39E-03 disordered 85 Jul-08 1.80E-03 unknown 
74 Aug-07 1.49E-02 disordered 86 Aug-08 4.97E-03 unknown 
75 Sept-07 1.11E-01 disordered 87 Sept-08 1.61E-03 unknown 
76 Oct-07 2.19E-01 disordered 88 Oct-08 4.93E-03 unknown 
77 Nov-07 3.43E-01 disordered 89 Nov-08 0 unknown 
78 Dec-07 4.55E-02 disordered     
    According to table 3, the system is a dissipative structure from January 2007 to April 2007. In the May 2007, 
Chinese stock market made a structural change, and moved from a dissipative structure to a disordered 
structure. The disordered structure lasted for 13 months. Then in June 2008, the system reformed a new 
dissipative structure.  
 
Time III   from July 2008 to December 2009 
    Time III of the continuous composite return series has 18 points, from July 2008 to December 2009. 2V  is 
estimated by 013552.0ˆ 2  V . By using the same method of Time I, we obtain the change-point probability 
and the states of Chinese market stock of each point in Time III. It is shown in Table 4. The probability 
threshold is 1.10E-02. 
Table 4.  Change-point probability and the state of Chinese market stock at each point in Time III 
 
No. Time Pro. State No. Time Pro. State 
85 Jul-08 6.84E-02 disordered 94 Apr-09 1.12E-02 disordered 
86 Aug-08 1.10E-02 disordered 95 May-09 9.79E-03 dissipative 
87 Sept-08 4.22E-02 disordered 96 Jun-09 6.64E-03 unknown 
88 Oct-08 3.00E-02 disordered 97 Jul-09 5.09E-03 unknown 
89 Nov-08 5.28E-01 disordered 98 Aug-09 4.83E-03 unknown 
90 Dec-08 1.04E-01 disordered 99 Sept-09 8.34E-03 unknown 
91 Jan-09 8.79E-02 disordered 100 Oct-09 7.91E-03 unknown 
92 Feb-09 4.13E-02 disordered 101 Nov-09 5.24E-03 unknown 
93 Mar-09 2.83E-02 disordered 102 Dec-09 0 unknown 
    According to table 4, the system is a disordered structure from July 2008 to April 2009. That means during 
June and July in 2008, Chinese stock market made two structural changes: the system moved from a disordered 
structure to a dissipative structure in June 2008, and a few days later, the system made a structural change again 
and disordered. The disordered structure lasted for 10 months. Then in May 2009, the system reformed a new 
dissipative structure.  
Time IV   from June 2009 to December 2013 
Time IV of the continuous composite return series has 55 points, from June 2009 to December 2013. 2V is 
estimated by 005116.0ˆ 2  V . By using the same method of Time I, p=0.5 is set because the prior information 
gives that the probability of whether a change-point in the series is of the same.  The posterior probability of no 
change-point is 0.9570. So we can not reject the null hypothesis. That means no change-point in Time IV.  
However, the system may not have been a dissipative structure during Time IV. That is because the last 
several points might be the structure-change-point of Time V. Therefore, We assume Chinese stock market is 
the dissipative structure which formed in Time III from June 2009 to February 2013( 14096 dd i ), and its 
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states from March 2013 to December 2013( 150141 dd i ) are unknown. 
 
Time V   from March 2013 to March 2015 
Time V of the continuous composite return series has 25 points, from March 2013 to March 2015. 2V is 
estimated by 003675.0ˆ 2  V . By using the same method of Time I, we obtain the change-point probability 
and the states of Chinese market stock of each point in Time V. It is shown in Table 5. The probability 
threshold is 1.23E-02.  
Table 5.  Change-point probability and the state of Chinese market stock at each point in Time V 
No. Time Pro. State No. Time Pro. State 
141 Mar-13 2.65E-03 dissipative 154 Apr-14 5.72E-02 disordered 
142 Apr-13 3.27E-03 dissipative 155 May-14 9.07E-02 disordered 
143 May-13 4.91E-03 dissipative 156 Jun-14 1.21E-01 disordered 
144 Jun-13 3.97E-03 dissipative 157 Jul-14 1.72E-01 disordered 
145 Jul-13 1.81E-02 disordered 158 Aug-14 8.93E-02 disordered 
146 Aug-13 1.62E-02 disordered 159 Sept-14 1.03E-01 disordered 
147 Sept-13 1.23E-02 disordered 160 Oct-14 5.84E-02 disordered 
148 Oct-13 8.90E-03 disordered 161 Nov-14 8.26E-02 disordered 
149 Nov-13 1.25E-02 disordered 162 Dec-14 2.62E-02 disordered 
150 Dec-13 1.11E-02 disordered 163 Jan-15 5.47E-03 unknown 
151 Jan-14 2.05E-02 disordered 164 Feb-15 7.40E-03 unknown 
152 Feb-14 3.63E-02 disordered 165 Mar-15 0 unknown 
153 Mar-14 3.68E-02 disordered     
    According to Table 5, the system is a dissipative structure from March 2013 to June 2013. In the July 2013, 
Chinese stock market made a structural change, and moved from a dissipative structure to a disordered 
structure. The disordered structure lasted for at least 18 months. The states from January 2015 to March 2015 
are unknown. But we believe that there is more likely a structural change inferred from the lasting time of the 
first three disordered structures.  
6. Conclusion 
Stock market, a complex open economic system, has basic features of dissipative structures. It can make a 
structural change by fluctuation near the  critical point. 
From the empirical analysis, we find there are seven or eight structural changes of Chinese stock market 
from July 2001 to March 2015. They are in June 2005, December 2006, May 2007, June 2008, July 2008, May 
2009, July 2013 and from January 2015 (more likely). In this order, Chinese stock market moved from a 
dissipative structure to a disordered structure in the months of odd numbers; and moved from a disordered 
structure to a dissipative structure in the months of even numbers. We aim at finding the conditions of the stock 
market structural changes in further studies. 
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